Background and purpose of the study: Angiotensin converting enzyme (ACE) inhibitors plays a critical role in treating hypertension. The purpose of the present investigation was to evaluate ACE inhibition activity of 50 Iranian medicinal plants using an in vitro assay. Methods: The ACE activity was evaluated by determining the hydrolysis rate of substrate, hippuryl-L-histidyl-L-leucine (HHL), using reverse phase high performance liquid chromatography (RP-HPLC). Total phenolic content and antioxidant activity were determined by Folin-Ciocalteu colorimetric method and DPPH radical scavenging assay respectively.
Introduction
In 2000, 26.4% of the world's population suffered hypertension and it is predicted that this rate would increase by 60% in 2025 [1] . Since the proportion of hypertensive people will increase rapidly, new therapeutic approaches for management of hypertension are essential. High blood pressure is a silent killer, causing several serious diseases such as heart failure, kidney failure and stroke. There are a number of choices for the treatment of hypertension. Some treatments include diuretics, β-blockers, calcium channel blockers and angiotensin II receptor blockers, the most common of which is angiotensin converting enzyme inhibitors.
Angiotensin converting enzyme, EC 3.4.15.1, is a zinc metallopeptidase that converts the angiotensin I (inactive decapeptide) to angiotensin II (a potent vasoconstrictor), and bradykinin (a hypotensive peptide) to inactive components [2] . High ACE activity leads to increased concentration of angiotensin II and hypertension. Therefore, development of agents that inhibit the conversion of angiotensin I to angiotensin II, and bradykinin to inactive components began as a therapeutic strategy to treat hypertension. ACE inhibitors such as captopril and lisinopril play key roles in treating hypertension and maintaining the electrolyte balance [3] . They are commonly used as they are safe and well tolerated with few side effects.
Tannins are plant polyphenolic compounds that precipitate proteins and interfere in the functions of many macromolecules including ACE. Therefore, plants with ≥ 50% ACE inhibition activity would be further tested for the presence of tannins in order to eliminate false positives [4] .
Furthermore, reactive oxygen species (ROS) play a significant role in cardiovascular diseases such as hypertension and congestive heart failure. In hypertensive patients, angiotensin II increases chronically and nicotinamide adenine dinucleotide phosphate (NADPH) oxidase is activated, which causes a rise in ROS. As a result, it is more beneficial for an antihypertensive drug to have antioxidant effect [5] . Phenolic compounds have antioxidant activity and are effective agents to prevent oxidative stress.
Natural products could be important sources of ACE inhibitors such as captopril, a synthetic antihypertensive drug, which is developed by changing and optimizing the structure of the venom of the Brazilian viper. Active substances derived from medicinal plants can also be a source of new ACE inhibitors. Moreover, some plants contain a great amount of phenolic compounds, so consequently, they have antioxidant activity.
In this study, some medicinal plants that are used to manage different diseases were screened to discover possible new ACE inhibition activity using an in vitro ACE inhibition assay. Among the plants tested, the most active ones were examined for total phenolic content and antioxidant activity.
Material and methods

Chemicals
Angiotensin converting enzyme (ACE) from rabbit lung, hippuryl-L-histidyl-L-leucine (HHL), 4-(2-hydroxyethyl)-1-piperazineethanesulfonic acid (HEPES) buffer, hippuric acid (HA) and captopril were purchased from Sigma-Aldrich Co. (England). HCl, KH 2 PO 4 , methanol (HPLC grade), 2,2-diphenyl-1-picrylhydrazyl (DPPH), Folin-Ciocalteu reagent, Na 2 CO 3 , gallic acid, butylated hydroxyl toluene (BHT), 6-hydroxy-2,5,7,8-tetramethylchroman-2-carboxylic acid (Trolox), FeCl 3 , NaCl, NaOH and dimethyl sulfoxide (DMSO) were purchased from Merck Co. (Germany). Ultrapure water was applied to prepare all of the aqueous solutions.
Apparatus
Enzymatic incubation was performed in a thermomixer eppendorf comfort (Germany). HPLC analysis was carried out by a Knauer liquid chromatograph, with an ODS Eurospher column (250 × 4.6 mm, 100-5; C18), protected by a C18 precolumn (Perfectsil Target, ODS-3 (5 μm)) and a 20 μl injection loop. A smartline Photodiode Array (PDA) detector 2850 (Knauer, Germany) was used to detect analytes, and a Chromgate software version 3.3, was used for data processing. A Cecil UV/Vis spectrophotometer (series 9000) was utilized to measure the absorbances. 
Plant materials
Preparation of crude extracts
Dried plant materials (1 g) were extracted with 20 ml methanol:water (80:20, v/v) at room temperature for 24 h and then over 2 h in an ultrasonic bath [6] . The extracts were filtered and concentrated under reduced pressure, using a rotary evaporator at room temperature and then they were lyophilized.
ACE inhibition assay
In this study, the assay method is based on the hydrolysis of the substrate HHL by ACE, and measuring the amount of HA using RP-HPLC [6] [7] [8] [9] . HEPES buffer solution used in this assay was prepared by dissolving 50 mM HEPES and 300 mM NaCl in 1000 ml water and adjusting the solution to pH 8.3 by 1 M NaOH solution. The substrate solution (9 mM) was prepared by dissolving HHL (19.74 mg) in 5 ml of HEPES buffer. Herbal extract (1 mg) was dissolved in 1 ml of solvent containing buffer/DMSO (90:10, v/v) to provide 330 μg/ml concentration (a comparable scale all over the world) [10] .
First, ACE solution (25 μl) (80 mU/ml) was added to 25 μl of inhibitor solution (or solvent as negative control). After 3 min preincubation at 37°C, 25 μl substrate solution was added and the mixture was incubated at 37°C for 30 min with shaking at 300 rpm in an Eppendorf thermomixer. After 30 min, the reaction was stopped by addition of 50 μl of 1 M HCl and then the reaction mixture was subjected to RP-HPLC. The mobile phase was an isocratic system consisting of a mixture of 10 mM KH 2 PO 4 (adjusted to pH 3 with H 3 PO 4 ) and methanol (50:50, v/v). The flow rate was 1 ml/min and the injection volume was 20 μl. Analytes were detected by a PDA detector at the wavelength of 228 nm.
ACE inhibition measurement
ACE inhibition calculation was based on the ratio of the area under curve (AUC) of HA peak in an inhibitor sample to that of negative control sample as it is expressed by equation 1: In order to detect tannins, extracts with ≥ 50% ACE inhibition activity were tested under gelatin salt block test.
Active extracts (200 mg) were dissolved in 4 ml water (50°C) and allowed to reach room temperature. To remove non-tannin compounds, a few drops of an aqueous 10% NaCl solution was added to the extracts. After filtration, the filtrate (1 ml) was added to four test tubes. Tube 1 contained 4-5 drops of 1% gelatin solution. Tube 2 contained 4-5 drops of 1% gelatin + 10% NaCl solution. Tube 3 contained 3-4 drops of 10% ferric chloride solution, and tube 4, was a control sample containing no reagent. Tube 1 and 2 were observed for the formation of precipitate, while tube 3 was observed for color [4] .
The presence of greenish-blue or greenish-black color following the addition of ferric chloride indicates the presence of condensed tannins, and bluish-black color Values are means ± SD of three measurements for 6 active plants.
accounts for the presence of pyrogallol type tannins (assuming that precipitation is the result of gelatin salt block test). The presence of greenish-black or bluish-black color after the addition of ferric chloride with negative gelatin salt block test indicated no tannins in that extract.
Total phenolic content (TP)
Folin-Ciocalteu colorimetric method [11] was used to determine the total phenolic content of extracts. First, Folin-Ciocalteu reagent (0.5 ml) was added to 0.5 ml of methanol extract solution (100 mg/ml). Then Na 2 CO 3 (0.5 ml) (100 mg/ml) was added to the mixture. The absorbance was measured at 760 nm, after 60 min incubation at room temperature. Calibration curve of gallic acid in different concentrations (1, 10, 100, 500 and 1000 μg/ml) was prepared using the same method. Total phenolic content of each extract was calculated from calibration curve of gallic acid and reported as mg of gallic acid equivalent in 100 g dry of plant [12] .
DPPH radical scavenging activity
The DPPH radical scavenging activity assay is a method for determining the ability of extracts to trap free radicals [13] . First, DPPH methanol solution (2.0 ml) (0.16 mM) was added to 2.0 ml of extract methanol solutions in different concentrations. Next the same sample was prepared with 2.0 ml methanol replacing extract methanol solution as control. After that the mixtures were vortexed for 1 min and left at room temperature for 30 min. Later the absorbance (Abs) were read at 517 nm. For calculating radical scavenging activity (RSA), the equation 2 was used:
Â 100 Abs extract : Absorbance of the extract sample Abs control : Absorbance of the control sample ð2Þ
Radical scavenging activity of extracts was compared with those of BHT and Trolox as the positive controls.
Establishing the sensitivity of the ACE assay system
The half maximal inhibitory concentration (IC 50 ) value of captopril was determined from concentration -response curve by nonlinear regression, using GraphPad Prism software version 5, and it was compared with the value in the literature. The IC 50 value for captopril determined in this study was 25 ± 2.6 nM, which was close to the value (23 nM) in the literature [14] . Table 1 illustrates scientific names, plant families, common names in Persian, parts used, collection sites, collection times, medicinal uses, voucher numbers and ACE inhibition activities of herbal extracts. Of a total of fifty herbal extracts, six extracts have shown inhibition activity more than 50% at 330 μg/ml concentration ( Table 2) . They were B. integerrima (88.2 ± 1.7%), C. microphylla (80.9 ± 1.3%), N. alba (66.3 ± 1.2%), O. acanthium (80.2 ± 2.0%), Q. infectoria (93.9 ± 2.5%) and Rubus sp. (51.3 ± 1.0%).
Results
ACE inhibition activity
Tannin test
Out of six active extracts investigated in this study, only the extract of Q. infectoria produced a positive gelatin salt block test (Table 3 ). The presence of greenish-black Table 4 Total phenolic content and antioxidant activity of active extracts or bluish-black color after the addition of ferric chloride with negative gelatin salt block test indicated no tannins in other extracts.
Total phenolic content and radical scavenging activity
Oxidative stress plays a critical role in cardiovascular disease [15] . Phenolic compounds are responsible for antioxidant activity due to their ability for scavenging free radicals. Therefore, total phenolic content and radical scavenging activities of these six medicinal plants were determined (Table 4) . Most of these six extracts had a large phenolic content. In DPPH radical scavenging assay, IC 50 values of six plant extracts were determined and compared with those of BHT and Trolox as the positive controls (Table 4) . Q. infectoria possessed more antioxidant activity (IC 50 value of 1.7 ± 0.03 μg/ml), compared to that of BHT (IC 50 value of 10.3 ± 0.15 μg/ml) and Trolox (IC 50 value of 3.2 ± 0.06 μg/ml).
Discussion
Hypertension, a worldwide illness, is a major factor in cardiovascular diseases that affects a large population of adults. One of the most effective medications for the treatment of hypertension is angiotensin converting enzyme inhibitors. Meanwhile, medicinal plants have been used for treating illnesses. Therefore, they can be important resources to develop new drug candidates [16] . As illustrated in Table 1 six extracts showed inhibition activity more than 50%, nineteen extracts showed inhibition activity less than 50% and 25 of them showed no inhibition activity at 330 μg/ml concentration. Among these active medicinal plants, three ones (C. microphylla, Figure 2 The correlation between total phenolic content and DPPH radical scavenging activity for six plant extracts. O. acanthium and Rubus sp.) are utilized for the treatment of hypertension in traditional medicine and this research revealed that the mechanism of action of the three mentioned plants in treatment of hypertension could be done through ACE inhibition.
In addition, Antihypertensive activity is reported in traditional medicine for similar species of the above mentioned plants including Crataegus oxyacantha [17] , Onopordon leptolepis and Onopordon carmanicum [18] .
Flavonoids [19] , flavanols [20] , flavonols [21] , anthocyanins [22] , isoflavones [23] , flavones [24] and other phenolic compounds have proved to be effective in decreasing the ACE activity. Therefore, the above mentioned secondary metabolites could be responsible for ACE inhibition activity in these 6 active extracts.
On the other hand, such ACE inhibitors with antioxidant activity might be useful to treat other diseases which are caused as a result of a rise in ROS production [25] .
The highest ACE inhibition activity (93.9 ± 2.5%) was observed at 330 μg/ml concentration in Q. infectoria. It is clear that tannins are phenolic natural products that interfere in enzymatic activity. Consequently, we checked for its presence in our active extracts (extracts with ≥ 50% ACE inhibition activity). Unfortunately, greenish-black color after the addition of ferric chloride with positive gelatin salt block test indicated the presence of condensed tannins in Q. infectoria extract. Therefore, in spite of high ACE inhibition and antioxidant activity, it is not the plant of choice for further studies to isolate the active compounds.
Among other active medicinal plants, three ones including B. integerrima, C. microphylla and O. acanthium possessed > 80% ACE inhibition activity. Out of the three mentioned plants, O. acanthium possessed more antioxidant activity (IC 50 value of 7 ± 0.09 μg/ml), compared to that of B. integerrima (IC 50 value of 15.3 ± 0.2 μg/ml) and C. microphylla (IC 50 value of 13.1 ± 0.2 μg/ml). Therefore, because of high ACE inhibition and antioxidant activity, O. acanthium is a valuable medicinal plant for isolation of active compounds.
Furthermore, N. alba and Rubus sp. are moderate ACE inhibitors and after the above three mentioned plants, are valuable plants for isolation of active compounds in further studies.
Conclusions
Medicinal plants presented in Table 2 are potential sources for developing new ACE inhibitors (Figure 1 ) [26] [27] [28] [29] [30] [31] . There was a linear relationship between total phenolic content and radical scavenging activity with equation formula, y = 83.53 × -823.4; R 2 = 0.714 ( Figure 2 ). As shown in Tables 2, 3 and 4, in spite of possessing the highest ACE inhibition and antioxidant activity, Q. infectoria had tannin content. On the other hand, O. acanthium, which also had high ACE inhibition and antioxidant activity containing no tannin, and could be used in further studies for isolation of active compounds.
